Abstract. This paper presents the outcomes from a laboratory based research study undertaken to evaluate the fundamental properties of permeable concrete, including compressive strength, global and local strain, elastic modulus (stiffness), porosity and permeability. Six permeable concrete mixtures were made with constant water -cement ratio of 0.34, using different aggregate sizes and sand percentages. The compressive strength range was 15-35 MPa, while the permeability varied between 1.5 to 5.5mm/s and the porosity varied between 25 to 35 %. Two testing methods were used to measure the strain and modulus of elasticity (MOE) of the permeable concrete namely, platen-to-platen method and strain gauge method. Considerable difference was found between the MOEs obtained by the two methods. The MOE determined using the platen-to-platen method consistently were lower in value, which has been attributed to the softness of the capping components, the interface between the specimens and the platen and overall machine compliance. The pore characteristics and their distribution were seen to have an influence on the material responses such as material stiffness and strain. A comparison drawn between the axial strain obtained by the strain gauge measurement and that deduced from the platen-to-platen measurement was undertaken to evaluate the strain homogeneity along with possible detection of the localization phenomena.
Introduction
Permeable concrete is commonly described as a mixture of Portland cement, uniform coarse aggregate, water and little or no sand. It has been successfully used in areas that receive frequent and sometimes excessive rainfall. Permeable concrete has environmental benefits such as water pollution removal, noise reduction, maintaining ground water level, minimizing heat, providing necessary nutrients and minerals for the soil and plant life. Along with these benefits it can also reduce or eliminate the construction and maintenance cost of storm water management system such as retention ponds, pumps and storm sewers. Various studies have been proposed to investigate the influence of different material parameters such as the aggregate size and gradation, water to cement ratio, and effect of special chemical additives on the strength and hydraulic properties of this special type of concrete [1] [2] [3] . However its mechanical behaviour has received little attention, and this scarcity especially applies to stress-strain behaviour and the Modulus of Elasticity under uni-axial compressive strength parameters that are essential for structural design. The authors could locate only one research paper that reported stress-strain behaviour of permeable concrete [4] . However, only the platen-to-platen method was used in the paper to determine all mechanical properties of permeable concrete as the authors believed that strain gauge method would not work due to the rough surface of porous concrete. For normal concrete, both methods have been used to find out the stress strain relationship and the results indicated that the stiffness measured from each method was very similar although the platen to platen method showed a little more deformation at initial loading stage. In this paper, strain gauge measurement is also proposed. In order to obtain an accurate result, a special treatment of sample surface was undertaken and a special designed bonding material for rough surface used. This paper describes the effect of parameters such as aggregate size and sand ratio on the stressstrain relationship, the Modulus of Elasticity, the porosity and the permeability. The results obtained from two different measurements will be compared.
Experimental program

Materials and admixtures:
The permeable concrete mixtures were prepared using an Ordinary Portland cement type 1, 10 mm basalt aggregate, sand and water. Table 1 , shows the mixture proportions. Sample preparation: Sieving, washing and drying the aggregate were undertaken as per AS 114.1.11-2009, whiles the mixing procedure was undertaken according to [1] . For strain gauge installation a special surface treatment was applied to the sample to allow accurate data capture. This procedure is outlined below: 1. Marking the gauge installation area (20 to 30) mm larger than the strain gauge area; 2. Using adhesive tape to mask the strain gauges' area; 3. Filling: hot Sulphur mortar was used to fill the voids in the strain gauges' area. Sulphur was used as a pre-coating material to make the permeable concrete surface flat and provide a surface to which the strain gauge will be readily bonded; 4. Sanding the strain gauges' area using a disk grinder, then clean the abraded surface with industrial grade paper towel with a small amount of solvent such as Acetone; 5. Two strain gauges (type PL-60, single element) were fixed to each sample using suitable adhesive type CN-E. Fig.1 shows the steps in fixing strain gauges. 
Test procedures Compressive strength test:
The load-deformation response of each permeable concrete sample was determined using a 500kN Avery Hydraulic Power Machine with 500kN capacity and operated in a displacement control mode of 10 -3 mm/s using both platen-to-platen and strain gauge methods. Permeability test: It is reported in the literature that it is a common practice to use the falling head apparatus to measure the permeability for permeable concrete [5] . Therefore, this method was adopted to measure the permeability in this study. The samples were tested with an initial head of 290 mm and a final head of 70 mm with the time of flow taken from h 1 to h 2 , Eq.1 used to determine the permeability of each sample: 
Where: K is the sample permeability in mm/s, L is length of the sample, t is the duration of the flow, A is cross section area of the permeable concrete sample, a is the cross section area of the pipe, h 1 is the initial water head and h 2 is the final water head.
Porosity test:
The porosity was found for all mixtures using a water displacement method developed by [6] . The preparation of the sample was first involved sawing off about 15 mm from the top of the samples for better volume calculation (VT). For the dry mass (M dry ) measurement the sample left in the oven for 24 h at 110oC. The submerged mass of the sample was found by submerging the sample in the tank filled with water for at least 30 minutes to allow the water to penetrate nearly all pores in the sample. After 30 minutes, while the sample still submerged, each sample was tapped against the bottom of the tank five times to help any air bubbles trapped in the pores to escape. The mass of submerged samples was measured using a wire mesh basket. Eq.2 used to determine the porosity of each sample.
Where: P is the total porosity in %, M ୢ୰୷ is the dry mass of the sample, M ୱ୳ୠ is the submerge mass of the sample,ρω is the density of the water and V is the average volume of the sample. Table 2 , shows the testing results for the six mixtures. The effect of the aggregate size and sand ratio on the stress-strain behaviour, modulus of elasticity, permeability and porosity are summarized as below:
Results and Discussion
The stress-strain response: Usually for a given rate of loading, the strain at peak stress increases with an increasing of the peak stress and decreases with an increasing in the rate of loading for traditional concrete having similar strengths [4] . For porous concrete, more parameters, such as porosity characteristics, voids distributions and the testing method will influence the peak stress and the corresponding strain. Figures 2 and 3 showed the stress-strain curves for the samples with two different aggregate sizes. In general, the relationship is similar to those found in normal concrete when platen-to-platen method was used. However, opposite results were observed when the strain gauge method was used. Actually, the peak strains were very similar for different level of peak stresses. The test results also indicated that the effect of aggregate size and the sand ratio on both the global and local strains is insignificant. It can be seen from Fig.2 and Fig. 3 that, there is a big difference between the local strain which was measured by the strain gauge and the global strain measured by the platen-to-platen method, the local strain is much less than the global strain. This is not surprising because of the strain taken
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up by closing pores. For porous concrete, one fraction of the strain is used to close up the pores, while the other fraction is used to deform the particles. For normal concrete the strain distribution will be much more uniform throughout the deformed material and the results obtained from each measurement would be very similar. Due to the volume change during the compression test, the lateral deformation and Poisson ratio for permeable concrete would be less than the solid material as well. 
Modulus of Elasticity (MOE):
Due to the existence of high percentage of pores as discussed earlier, considerable difference was also found of the MOE measured using the platen-to-platen method and the strain gauge method. The platen-to-platen method consistently gave a lower value than the strain gauge method (Figure 4 ). In addition to the issues discussed, the lower MOE can also be attributed to the softness of the sulphur-mortar capping components, the interface between the specimens and the platen and the overall machine compliance in the first method. The pore characteristic and its distribution inside the permeable concrete also affected the material response including stiffness. When using the platen-to-platen method, it can be seen from Table 2 that increasing the sand ratio, along with larger aggregate size as well as the ratio of the cement paste, MOE was also increased. Fig.4 shows the two different relationships between the compressive strength and the MOE for permeable concrete mixtures using two testing methods.
Permeability and Porosity:
It can be seen from the test results in Table 2 , mixtures with a blend of 4.75mm and 9.5mm aggregates in equal proportions have a lower permeability and higher compressive strength even with higher porosity compared with other mixtures. While the pore sizes, their distributions and dispersions all affect the compressive strength of porous concrete, the higher compressive strength of these samples could be attributed to:
• The larger aggregate size would require less paste to coat the aggregate particles which will result in the paste layer surrounding the aggregates be thicker.
• The mixture with higher ratio of the smaller sized aggregates is likely to have a greater number of pores along the stress path that are engaged in the damage process [4] . • The 9.5 mm aggregate created voids of 2-8 mm in size and the 4.75mm aggregate and the sand appeared to fill the pore space between the 9.5 mm aggregate. Figure 5 shows the relationship between the porosity and the compressive strength. As indicated in the figure, the fitted exponential curve yields the equation:ߪ = 1218.4exp ‫,)331.0−(‬ with a R 2 value of 0.75. This relationship is in a similar form of other researchers [7] with a lower R 2 . This may be due to limited testing data. 
Conclusion
This laboratory experiment was conducted to investigate the fundamental properties of permeable concrete with different aggregate size and sand proportions and the testing methods to determine the stress strain relationship of permeable concrete. The effects of these parameters were evaluated based on the initial laboratory test results reported here. Based on this study it can be concluded that the size of aggregate affects the compressive strength of permeable concrete. From the limited testing results of this paper (supported by results from the literature), larger sized aggregate resulting higher compressive strength. It was also concluded that adding a small percentage of sand will increase the compressive strength, but decrease the hydraulic properties of permeable concrete. A very sigbnifixcant finding was that there is a significant difference between the local strain as measured by the strain gauge and the global strain measured by the platen-to-platen method. The local strain was found to be consistently less than the global strain and further research is required to establish a relationship between these two strains and to verify what method is of more appropriate use in design. 
